Background: The association of MMP-8 rs2012390 and rs11225394 polymorphisms with osteonecrosis of the femoral head (ONFH) risks was investigated in several studies with conflicting results. We performed the meta-analysis to evaluate the association between them.
Introduction
Osteonecrosis of the femoral head (ONFH), also known as avascular necrosis, is a challenging orthopedic disease characterized by both ischemia and bone necrosis. It severely damages the quality of life of patients in the advanced stage, especially to young patients with an active lifestyle. The incidence has been almost certainly on the rise, with a prevalence of approximately 20,000 to 30,000 new cases annually in the United States [1] and 100,000 to 200,000 new ones per year in China. [2] Nevertheless, several theories have been proposed to delineate the pathophysiology of ONFH, the exact pathogenic mechanisms remain poorly understood. The well-known risk factors include trauma, corticosteroid therapy, excessive alcohol consumption, coagulation disorders, autoimmune diseases, hemoglobinopathies, smoking, and so on. [3] However, no all smokers or divers experience this disease, illustrating that environmental and genetic background might contribute to the etiology of ONFH. Meanwhile, emerging lines of evidence suggested the matrix metalloproteinase (MMP) single-nucleotide polymorphisms (SNPs) were closely related to the susceptibility of ONFH.
MMPs, a family of more than twenty protein members, play pivotal roles in the process of degraduation of all structural components of the extracellular matrix. Multiple pieces of evidence have showed the abnormal expressed levels of MMPs in the in different orthopedic diseases. Green et al. [4] suggested that the high serum MMP-1 and MMP-3 levels predicted progression of joint damage. MMP-1, MMP-2, and MMP-9 proteins are overexpressed in the serum of osteoarthritis patients. [5] Also, MMP-3 protein is overexpressed in synovium of knee joint in osteoarthritis patients. [6] In contract, MMP-13 deficiency increases the fracture fragility of bone, indicating the normal need of MMP-13 for the fracture toughness. [7] What's more, both MMP-2 and MMP-9 are cleaved and activated by MMP-13. [8] As a result, MMP-13 deficient mice may show the loss of function of MMP-2 and MMP-9. Compared with other MMP members, MMP-8 has been less investigated for its biological roles and proteolytic substrates. [9] MMP-8 (also named collagenase-2 or neutrophil collagenase) is mainly expressed in neutrophils, and it is also produced by various other cell types including stem/ progenitor cells. [10] To date, several genetic association studies have examined the associations of MMP-8 rs2012390 and rs11225394 polymorphisms with ONFH risks, however, with controversial results. Du et al [11] shown that MMP-8 rs2012390 was associated with an increased risk of ONFH. However, Chen et al [12] reported that MMP-8 rs2012390 decreased the risk of ONFH. Thus far, no meta-analysis has yet been carried out to evaluate the relationships between MMP-8 rs2012390 and rs11225394 polymorphisms and ONFH. Therefore, we undertook this comprehensive meta-analysis to summarize these inconsistent results, aiming at providing a more precise evaluation whether MMP-8 rs2012390 and rs11225394 polymorphisms contribute to the risk of developing ONFH.
Methods

Search strategy
The review was approved by the review board of Linyi People's Hospital. All databases were searched up to May 6, 2018. Potentially relevant literatures were searched from the electronic databases of PubMed, Web of Science, and Cochrane Library using a combination of the following items: ("matirx metalloproteinase 8" OR "MMP 8" OR "collagenase 2" OR "neutrophil collagenase") AND ("avascular necrosis of femoral head" OR "osteonecrosis of the femoral head" OR "ONFH" OR "femoral head necrosis"). No language restrictions were applied. The reference lists of all retrieved articles were also identified manually for additional possible studies.
Inclusion and exclusion criteria
Studies eligible for the meta-analysis need comply with the following criteria: with a case-control design; investigating the relationship between MMP-8 rs2012390 or rs11225394 polymorphisms and the risk of developing ONFH; providing sufficient data of genotype frequencies for MMP-8 rs2012390 or rs11225394; performed on human. Studies were excluded if they did not meet the inclusion criteria above and including the following aspects: reviews, letters to editors, case reports, comments, and animal studies; including overlapping data; obvious errors in research design.
Data extraction
Two reviewers independently extracted the following information from each collected study: first author, year of publication, country and ethnicity, numbers of cases and controls, genotype distributions in case and control groups, genotyping method. No disagreement about the data presented among all reviewers.
Quality assessment
The methodological quality of each selected study was evaluated according to the Clark Scores System which containing 10 items. The quality of studies with a score below 5 was regarded as low, between 5 and 7 was regarded as moderate, and above 7 was regarded as high.
Statistical analysis
All data were undertaken using Review Manager (version 5.1 for Windows; The Cochrane Collaboration, Oxford, UK). The strength of associations of the MMP-8 rs2012390 and rs11225394 polymorphisms with ONFH risk was assessed by crude odds ratios (ORs) with their 95% confidence intervals (CIs) under different genetic models (allele, homozygote, heterozygote, dominant, and recessive model). A test of heterogeneity across studies was measured using Chi-square-based Q and I 2 statistics in each genetic model. The fixed effect (Mantel-Haenszel method) was employed to calculate the pooled OR if P > .1 or I 2 < 50%. [13] Otherwise, the random effect (DerSimonian Laird) was chosen. [14] And then the publication bias was checked by Begg funnel plots and Egger linear test. [15, 16] A sensitivity analysis was applied to assess the stability of results by omitting each study one at a time. All P values were 2-sided, and P < .05 was regarded as statistically significant.
Results
Study characteristics and quality assessment
The procedure of selecting eligible studies is described in Fig. 1 . Our search yielded 22 records in total. After screening the title and abstract, 7 articles were remained. And 3 more studies were rejected after further reviewing the full text according the selection criteria. Eventually, 4 studies with a total of 1469 cases diagnosed with ONFH and 1211 healthy controls were included in the current meta-analysis. Of the included studies, all were published in recent 3 years from 2016 to 2017 in English language with high quality. Two of them undertaken the same data of healthy participants as control. [11, 17] All of them were performed in the Chinese population. The primary information of eligible studies is listed in Table 1 .
Meta-analysis results
The meta-analysis results indicated that a remarkable association between rs11225394 in the MMP-8 gene and an increased risk of ONFH was found (allele model: OR = 1.33, 95% CI = 1.09-1.61, P = .005; heterozygote model: OR = 1.39, 95% CI = 1.13-1.71, P = .002; dominant model: OR = 1.40, 95% CI = 1.14-1.73, P = .002, respectively). Meanwhile, a significant association between MMP-8 rs2012390 and the decreased risk of ONFH was found in heterozygote model (OR = 0.63, 95% CI = 0.51-0.77, P < .01). No heterogeneity was observed among these studies, and therefore the fixed effect models were established above. As for allele model (OR = 1.03, 95% CI = 0.78-1.36, P = .85), homozygote model (OR = 1.04, 95% CI = 0.73-1.49, P = .82), dominant model (OR = 1.02, 95% CI = 0.72-1.49, P = .81), and recessive model (OR = 1.05, 95% CI = 0.74-1.49, P = .81), no statistical significance was identified in the association between MMP-8 rs2012390 and ONFH risk (Table 2 and Figs. 2-5 ).
Sensitivity analyses and publication bias
Sensitivity analyses were conducted by eliminating each eligible study in turn so as to reflect the influence of each individual study on the pooled ORs. For rs11225394 and rs2012390 polymorphisms, the corresponding pooled ORs were not dramatically altered, indicating that our results were statistically robust (Table 3) .
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The potential publication bias of eligible literatures was estimated by Begg funnel plot and Egger test. Neither Begg rank correlation method nor Egger regression method showed publication bias (Fig. 6 ).
Discussion
ONFH is a kind of orthopedic disease confined to hip joint which is characterized by different pathologic stages of ischemia, necrosis, and eventually collapse. Ischemia is reversible, but the latter 2 stages are not. [18] It is widely believed that genes play an important role in the latter 2 processes. Besides, SNPs in several genes were found to be associated with the susceptibility to orthpedic diseases including ONFH. [19, 20] Recently, several studies investigated the correlation between MMP-8 and the risk of ONFH. [12, 17, 21, 22] Du et al [11] shown that MMP-8 rs2012390 was associated with an increased risk of ONFH. However, Chen et al [12] reported that MMP-8 rs2012390 decreased the risk of ONFH. And no meta-analysis has been undertaken to evaluate the results above. Their inconsistent results prompted our meta-analysis.
The present study was the first meta-analysis aimed to investigate the associations of MMP-8 rs2012390 and rs11225394 polymorphisms with ONFH risk. In the metaanalysis, obvious heterogeneity was observed throughout the studies enrolled. The meta-analysis results showed a remarkable association between rs11225394 in MMP-8 gene and an increased risk of ONFH, also a significant association between MMP-8 rs2012390 and the decreased risk of ONFH. No heterogeneity was observed among the eligible studies. Also, there was no evidence of publication bias was found in our metaanalysis. All tests above indicated that our results were stable and reliable.
MMP-8 is a neutrophil collagenase, which localizes to chromosome 11q22.3. It is known that MMP-8 is mostly produced by neutrophils, but chondrocytes and synovial fibroblasts could also produce this protein. [23, 24] MMP-8 plays a pivotal role in the pathogenesis of inflammation. In Table 2 Genotype and allelic distribution of rs2012390 and rs11225394 in the studies enrolled. periodontitis. [25] In arthritis, lack of MMP-8 is associated with exacerbated joint inflammation, suggesting that MMP-8 might have a protective function in arthritis. [26] Previous studies also suggested that MMP-8 might have a promoting or protective role in arthritis. [27, 28] However, the exact mechanism underlying the association between MMP-8 and ONFH susceptibility is still unclear. Chen et al [12] supposed that both risk and protective factors in ONFH were the results of MMP-8 in the regulations of the breakdown pathway of the extracellular matrix in bony tissue development, reproduction, and tissue remodeling. Du et al [11] speculated that polymorphisms of MMP-8 might have an effect on the inflammation or circulatory impairment of the femoral head. Furthermore, some studies suggested that the protective role of MMP-8 might be in part related to regulating the amount of estrogen receptors (ER) including both ER-a and ER-b. [29, 30] There are some limitations in the present work needed to be considered. First, we focused only on publications in the language of English, representing a potential source of bias. Second, stratified analyses were not performed based on ethnicities, as the studies enrolled were all Asians. However, the sample evaluated in the present study represented a certain population accounting for a large proportion worldwide. Third, the number of studies was small in our meta-analysis, which may have influenced the results. Despite those limitations listed aforementioned, our work also has its advantages. First, it contains the latest data on the association of MMP-8 rs11225394 and rs2012390 polymorphisms with ONFH risk. Moreover, it is the first eta-analysis that investigated the associations of MMP-8 rs2012390 and rs11225394 polymorphisms with ONFH risk.
Conclusions
To sum up, MMP-8 rs11225394 polymorphism increased ONFH risk and MMP-8 rs2012390 decreased ONFH risk. However, ethnicity-specific studies with lager sample size are still needed in the future to further estimate the effect size of the association. 
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